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ABSTRACT

In the Cooperative Snow Investigations of the Corps of Engineers and Weather Bureau, observations were made
of precipitation measurements in different kinds of gages aad of water equivalent of snow on the ground at a great
variety of station sites in the mountains of California and Montanas, for the five winter seasons ending 1950-51. Much
of the variation in catch of precipitation over rugged areas of 4 to 20 square miles is ascribed to variations in local

exposure and in natural sheltering of the gages.

Wind speed appears to be a good measure of the adequacy of

gage shelter and of precipitation catch. The error in sampling of water equivalent for average snow courses is of

about the same order of magnitude as the maximum daily change in water equivalent.

For seasons of several

months’ length, observations of gage catch and of accumulated snow on the ground, each at good sites, appear to
have comparable precision though there are inherent limitations in the validity of such comparisons.

INTRODUCTION

Some observations of the Cooperative Snow Investiga-
tions of the Corps of Engineers and Weather Bureau are
organized and displayed with regard to measurements of
winter precipitation in mountainous terrain. The data
have been published in the Hydrometeorological Logs of
the Central Sierra and Upper Columbia Snow Laboratories.
These Laboratories are described in the Logs and are lo-
cated respectively in the Sierra Nevada about 40 miles
west of Reno at an elevation of 7,000 to 9,000 feet, and
on the west side of the Continental Divide near Glacier
Park, Mont., at an elevation of 5,000 to 8,000 feet. Maps
of the two laboratory areas, and tables describing the
station sites are included in the appendix to the present
report.

Among the questions that this report is intended to help
answer are; What quantitative measures can be assigned
to the precision of precipitation and snow pack measure-
ments made under normal but observed field conditions?
What is the true variation of winter precipitation over s
small rugged area? How much of this variation may be
sscribed to weather, large-scale orographic effects, type
of gage, quality and frequency of servicing, or physical
characteristics of the local site? Where gage catch or
snowpack measurements are deficient, how good are they
merely as indices to accumulated winter precipitation for
forecasting seasonal runoff?

In addition to analyzing the observed data of the Snow
Laboratories it is necessary to refer to current views on
the subject of measurement of winter precipitation. Cur-
rent views vary somewhat and almost any plausible view
on any issue can be supported by a formidable array of
references to earlier work. Context is extremely impor-

tant to this subject, in the strictest sense. Results from
one site or set of conditions can be generalized only to a
limited degree. Hundreds of experiments have been re-
peated during the last century with differing environments
all over the world. An evaluation of the literature would
transcend the scope of this report. Rather than attempt-
ing to support each statement not based on Snow Labora-
tory data, and burdening this report with a long bibliog-
raphy, two publications will be cited.

One of these publications is that of John Kurtyka, “Pre-
cipitation Measurements Study,” Report of Investigation
No. 20, Illinois State Water Survey Division, 1953, and
the other, a continuing program under the direction of
John Sherrod, is SIPRE (Snow, Ice and Permafrost Re-
search Establishmeunt, Corps of Engineers, U. S. Army)
Report No. 12, “Bibliography on Snow, Ice, and Perma-
frost,” prepared by the Library of Congress, volumes 1 to
6, the latter dated July 1954. These bibliographies are
both well annotated and indexed by subject, and contain
thousands of pertinent citations.

SOURCES OF AREAL VARIATION
IN PRECIPITATION MEASUREMENT

To help view this subject comprehensively reference
may be made to table 1, which displays five fundamental
categories to which all variation in gage catch may be
attributed. The categories are defined partly by the
processes used in analyzing them, and are not entirely
mutually exclusive. It does not seem possible to measure
directly and quantitatively the effects in each category,
such as by an analysis of variance. OQOrographic param-
eters, for example, are ordinarily defined by analysis of
mean seasonal or mean annual precipitation, whereas
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TaBLe 1.—Categories of variation in precipitation calch
3 . Method of control for esti-
Category Expressed in terms of: Examples Scale Operates on: mating ares) precipitation
I Storm experience. ... -.-.... Storm occurrence. ... Location with respect to | Miles...__..._ Storm paths and processes...| Areal sampling.
storm center.

1I Physiography. -coacocceo- Orographic parameters._____ Positlon on, or distance to | Miles._._..____ Condensation processes and | Stratified sampling of param-

large mountains. falling precipitation. eters.

JII | Environment_ ... _....___ Double-mass analysis_______ Distance from small ridge.. .| 100’s of feet._..| ¥Falling precipitation___.__._ Minlimiize error by site
selection.

v Site o s Rulesof thumb_____________ Height of nearby trees_...___ Feet. . ....____ Falling precipitation____. ._ Minimize error by selec-
tion or modification of
site.

v [ 50 Gage characteristics._..____. Depth and diameter of fun- | Inches__.___._ Falling precipitation.._____. Minimize error by choice or

nel. design of gage and its
components.
|

double-mass analysis requires annual or seasonal totals.
The general practice is to standardize the categories near
the bottom of the table and to stay within reasonable
class limits of the other categories. For example, before
orographic parameters can be evaluated the data should
first be subjected to double-mass analysis and should be
selected from a homogeneous climatic region. How
homogeneous the region must be, and with respect to what
feature of precipitation regime, is a matter to be defined
operationally and with respect to a particular application.

The storm experience category could logically be
broken down into detail that would recognize not only
storm paths and position of a gage within a storm, but also
type of storm (warm front, cold front, orographic, convec-
tive, ete.). Further consideration leads to recognition of
the seasonal variation in the occurrence and importance of
precipitation associated with the respective storm types.
These meteorological parameters might lead to a more
rational procedure for identifying and defining zones of
environment in category II.

Double-mass analysis is useful for identifying changes in
the last three categories, and in providing measures of
their net effect, but it has limited analytical value.
Further study is needed for evaluating category IV, and
bresking it down into rational elements. There seems to
be a need for objective rules in appraising gage sites. A
corollary is the need for definitive criteria for deciding,
when & gage is to be moved, whether to change its station
designation or to regard the new record as a continuation
of the old one. Attention and work have been lavished (in
category V) on gage design to a degree that may long ago
have reached the point of diminishing returns.

Practical justification for further study of the influences
on variation of precipitation catch over an area comes from
the needs for improving forecasts of streamflow, design of
structures, and other applications. It may be wondered
what proportion of the residual error in a forecasting
relationship based on average areal precipitation may be
ascribed to each of the following sources: imperfect form of
functional relationship, inadequate consideration of addi-
tional variables, deficient period of record, and errors in
sampling precipitation over an area. The first two
sources have been subjected to intensive and extensive

trial and error and much ingenuity; the third source is
largely a matter of time. The fourth source, quality of
basic data, presents an excellent opportunity for fruitful
effort at this time. The importance of improving basic
data, the significant influence of site characteristics on
basic data, and the fact that there has been no conclusive
evaluation of site characteristics were among the considera-
tions that led to undertaking and reporting on this sub-
ject. The results of the analyses are presented mostly by
means of scatter diagrams.

VARIATION AT A SINGLE STATION

Figures 1-4 show how much variation exists within the
confines of a single station—that is over distances of a few
feet rather than miles. Figure 1 shows daily values of
precipitation at Station 1B plotted against those at
Station 1C, Central Sierra Snow Laboratory, 1947-48
winter season. The gage at Station 1B is a Friez and that
at 1C a Stevens recorder; they are 20 feet apart and on
towers. Omitting the data concentrated near the origin,
the correlation coefficient is about 0.98, and slight bias is
evidenced by the central tendency being above the 45°
line passing through the origin. The scatter shows
differences due to the different positions of the gages in the
forest clearing, differences in the gage shape and mecha-
nism, differences in reading the charts, capping of one or the
other gage at times (errors due to capping may affect
timing as well as total storm catch), missing record,
different quality of servicing from time to time, and
additional influences that might be suggested. It would
be difficult to separate and measure the proportion of total
variation ascribable to each influence. The standard
error of estimate is about 0.14 inch, which may be regarded
as a good measure of the quality of daily observations of
winter precipitation at well-attended gages of this kind.

Figure 2 shows the water equivalent of snowpack on
successive days during the 1948-49 season at points 1 and
2 in the Station 1 sampling site at Upper Columbia Snow
Laboratory. The correlation here is about 0.98, with a
standard error of estimate of about one inch. It is the
practice of snow surveyors to report water equivalent to
the closest half inch, which seems reasonable in view of this
scatter. These two points are about 20 ft. apart, and
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“drift”” about some during the season to avoid old sampling
holes. In order to avoid old sampling holes in & program
of daily observations, a fairly large sampling area is
necessary. The site used was chosen on the basis of its
proximity to other observations near station 1 and its
uniform and level terrain, and it was posted to prevent
disturbance of the snow. Care was used in programming
the observations so as to minimize the confounding of
variation of water equivalent from day to day with its
variation from place to place, and it is believed that the
degree of this confounding is comparable with that
inherent in routine snow surveying.

Efforts to separate some of the effects of variation in
snowpack water equivalent from time to time among
points at the same station include a comparison of varia-
tion in snow depth with the variation of water equivalent.
In general the coefficient of variation of water equivalent
exceeds that of depth by about 50 percent, indicating that
considerable variation in sampling water equivalent can-
not be ascribed to variation in snow depth.

Most of the snow courses at the Cooperative Snow
Investigations Laboratories had from 5 to 10 points, as
indicated in the Logs, and their standard error of estimate
averaged about 2 inches water equivalent. Attempts to
isolate some of the sources of error in water equivalent
were made by studying data from the radioactive gage,
where the snow is not disturbed, but the variation at this
one point was about as great as at an average single point
in a snow course. The radioactive gage is described
briefly and literature cited in the 1949-50 Hydrometeoro-
logical Log of the Central Sierra Snow Laboratory. Its
essential feature is the observing of water equivalent with-
out disturbing the snowpack in any way. The gage
operates by absorption by the snow mass of gamma rays
emitted from a source at the ground surface and observed
by a Geiger-Miiller tube suspended over the snow above
the radiation source. The greater the water equivalent
the more absorption and the smaller the gamma count.

Figure 3 shows, for the same period and points as figure
2, the daily changes in snowpack water equivalent. The
dispersion indicates a standard error of estimate of about
0.8 inch. 1t is evident from the scatter that the error is
of the same order of magnitude as the change from day
to day—a noteworthy fact in considering attempts to
estimate daily snow melt by daily changes in water
equivalent of deep snow. The points in the 2d and 4th
quadrants mark occasions of increase in observed water
equivalent at one point and decrease at the other.

The 0.8 inch standard error of figure 3 is not inconsistent
with the value of 2.0 given earlier as the general average
for the Laboratories. Most of the sites are more rugged
than the one where daily samples were taken, and many
of the stations were deliberately located to sample terrain
features that are usually avoided in routine snow survey-
ing. There was a marked trend of diminishing standard
error from year to year because of progressive improve-
ment in marking of the points where individual cores were
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FI16URE 1.—Correlation of daily precipitation at two shielded recording gages 20 feet
apart, Central Sierra Snow Laboratory, 194748 season.
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Fioure 2.—Correlation of daily values of snowpack water equivalent at points 20 feet
apart, station 1, Upper Columbia Snow Laboratory, 1948-49.

taken, removing of obstructions such as rocks, smoothing
of ground irregularities, and better technique in taking
and evaluating individual cores. Decisions whether to
accept or reject cores were made objectively on the basis
of such criteria as consistent snowpack density throughout
the sampling ares and high ratios of core length to snow
depth. Some snow sampling points were moved after
evaluating the effects of drifting or scouring.
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F1ourE 3.—Correlation of daily changes in snowpack water equivalent at points 20 feet
apart, station 1, Upper Columbia Snow Laboratory, 194849. Numbers indicate the
number of observations that might be plotted at each intersection. Observations of
water equivalent are made and reported to the nearest half inch.

In addition to decreasing the scatter of the water equiv-
alent observations, the progressive improvement also
reduced or eliminated bias at some of the stations. In
the few years of laboratory operation there was telescoped
the same improvement that has been virtually completed
in the course of many years of routine snow surveying
practice. It has been suggested that interpretation of
some of the older snow survey records may be improved
by double-mass analysis.

VARIATION AMONG TYPES OF GAGES

While it is impossible to segregate all the important
influences on gage performance, it is worth while to
examine some of the data from the battery of gages at
Central Sierra Snow Laboratory, for individual storm
periods of the 194647 season. These gages are only a
few feet apart, having been located in general as close as
seemed feasible without obstructing one another. Figure
4 shows the respective catches of seven gages, having
different combinations of shielding, type of gage, etc. As
indicated earlier in comparing gages 1B and 1C, the
position within the clearing might account for some of
the variation. Complete replication would have been
impossible. Noteworthy conclusions are the variation
in ratio of catch of paired gages from storm to storm, and
the magnitude of their mean ratios to the catch of the
gage having the greatest catch. The variation of ratio
of catch is illustrated in the comparison of gages 1B and
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OESCRIPTION OF GAGES:

Station number. ........... 1E 1c 1A 16 tF 18 10
TYpe ...oovvvnniiiiannn Std.tm  Rec. Std(s) Stor. St Rec. Rects
Antifreeze................ YES YES NO YES YES YES YES
Shield..............ooven. NO YES NO YES YES YES YES
Height of tower, feet ... .. .. 22 15 {0 15 22 20 20
Mean catch for 6 storms in % of 10 catch. . .. .. 84 89 90 94 26 99 100
N g
NOTES: / N N /L
(1) Rests on ground or snow surface. P m | } i |
(2) Some a5 18 but with higher [ | f | 4
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F16URE 4,—Comparison of catch of seven different types of gage and gage installations,
Central Sierra Snow Laboratory, 1946-47,

1C where, in the first November storm, 1C caught 7.2
inches whereas 1B caught 6.5 inches. In the March
storm, by contrast, 1C caught 4.5 inches and 1B, 5.4
inches. On the average, the gage catching the least
caught 84 percent as much as the gage catching the most
for these six storm periods. Many comparisons can be
made, and only a few will be cited. The main difference
between 1A and 1E, both standard “cans’”, is that 1A
was on the ground or snow surface and had no charge,
whereas 1E was on a 22-foot tower and was charged with
antifreeze. With daily attendance the charge would not
be an important factor., It might be concluded that
even with the light wind in this clearing the tower exposure
was an appreciable detriment, particularly when the snow
was shallow. Gage 1F was different from 1E only in that
1¥ was shielded. Evidently the shield makes a difference,
for t1is type of gage at this site, of 10 to 15 percent.

VARIATIONS FROM STATION TO STATION,
BY SEASONS

Figure 5 shows for each of several gages the respective
catches for the two seasons 1946—47 and 194748, October
through March, Central Sierra Snow Laboratory. The
stations are identified by number in the scatter diagram.
The average relation shows the 1947-48 season had more
precipitation than the 1946-47 season by about 10 per-
cent. Some of the scatter is due to the fact that missing
records made it necessary to estimate portions of the
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Fieure 3.—Correlation of precipitation catch of each of several gages (numbers indicate
gage) for the 1046-47 and 1947-48 seasons, October through March, Central Sierra
Snow Laboratory.

seasonal total, but it is believed that this source accounts
for less than one inch in the worst case. The amount of
scatter indicates how well or how poorly any one of the
gages would serve to locate the regression line, which is
snother way of saying how well a gage might serve as a
consistent index, regardless of true-catch considerations.

An important fact disclosed by this figure is the great
range in catch among these gages at Central Sierra Snow
Laboratory. They were all on towers and all shielded.
They were all within a 4-square-mile drainage area, and
had an extreme range of elevation of less than 1,000 feet.
Attempts to relate the respective catch of these different
gages to topographic parameters of any kind, and in
many combinations, were virtually fruitless. Referring
again to the five sets of parameters discussed in the intro-
duction, the only explanation is that the variation from
gage to gage in Central Sierra Snow Laboratory is ascrib-
able largely to variations in local gage site.

To show how the scatter of figure 5 varies from year to
year, instead of merely for the pair of years shown,
various pairs of gages have been compared for the 5-year
period of record. These comparisons are shown in figure
6. In these graphs the numbers identify Central Sierra
Snow Laboratory stations, for the seasons October
through March. The solid lines are 45° through the
origin and the broken lines are drawn through the origin,
fitted to the points by inspection. It is convenient to
remember that for most gages the total seasonal precipi-
tation catch increased progressively from year to year,
194647 through 1950-51.
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Gages 1B and 1C, which have been compared before,
appear in the upper left of figure 6. The amount of
scatter is small but appreciable. Stations 8 and 10,
shown next on the right, show even less scatter than 1B
and 1C and it is noteworthy that stations 8 and 10 are
3,000 feet apart with about 200 feet difference in elevation.
Even with only 5 years data it is very unlikely that a
correlation this high would occur by chance. These two
stations are well sheltered by trees and/or concave topog-



188

raphy. The upper right diagram of figure 6 shows sta-
tions 3 and 12, which are respectively in a large flat
meadow and on a windy ridge. Neither has much natural
protection from the wind. Not only is there more scatter
in proportion to their catch than with the previously men-
tioned pairs of stations, but their catch, particularly sta-
tion 12, is much less. In general, the stations having the
greatest catch have the least scatter when compared with
other stations having large catch. It should be said here,
as with figure 5, that some of the seasonal totals are based
in part on estimated data. Looking at this question
pragmatically, errors due to estimating missing records at
a station are properly chargeable to that station, but
statistically this is & confounding influence because missing
record is not necessarily related to the things we are trying
to isolate and measure.

It may be seen from these figures how well or how poorly
some gages represent others or would serve as indices.
While the gage sites are described fully in the 1950-51 Log,
it is pertinent to briefly describe some of them here.
Station 16 is well sheltered by tall trees, with little sky
visible from the gage. Station 5 is well sheltered by low
trees and brush. Station 2 is on a ridge, but there are
sheltering trees scattered nearby. Station 14 is on a tree-
less, windy ridge. At the left of the second row of figure 6,
is the comparison of stations 12 and 10, which may be
regarded as about the worst and best stations, respectively.
Station 12 catches about half as much as station 10 does,
on the average, with so much scatter that one would hesi-
tate to use 12 as an index to 10, merely by doubling its
observed catch.

In addition to the stations shown in figure 6 there are
2 years of record at stations 33 and 34. The stations
whose catch most nearly corresponds to that of stations
33 and 34 are 1B, 1C and 7, with very small differences
among these 5 stations.

Stations 33 and 34 are under 100 percent forest canopy —
deliberately so exposed, just as station 12 was deliberately
placed on a windy ridge. It is evident that the deficiency
in catch due to interception by the forest canopy is small
compared with that due to wind at such stations as 3, 12,
and 14. Examination of the site maps and study of the
Laboratory data supports some of the recent literature
to the effect that the optimum proportions of a forest
precipitation-gage site, so as to minimize the combined
effects of wind and interception, are a diameter of clearing
approximately equal to the average height of the surround-
ing trees.

Some of the discrepancy in gage catch may be due to the
proportions of snow and of rain in the season’s catch, with
the wind affecting snow catch more than rain catch.
About half the precipitation for the 1950-51 season was
rain, and about a third of the precipitation for the 194748
season was rain. Precipitation for the other three seasons
was nearly all snow. The differences among storage,
Friez, and Stevens gages are regarded as insignificant in
affecting total seasonal catch.
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Ficure 7.—Correlation of April 1 snowpack water equivalent at selected pairs of stations,
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Figure 7 corresponds to figure 6, referring, instead of to
seasonal precipitation, to water equivalent of the snow-
pack on or about April 1 each season, Central Sierra Snow
Laboratory. In general, the scatter is about the same as
for seasonal precipitation. Any difference between the
water equivalent and precipitation scatters is probably
ascribable to the peculiarities of the individual stations
being compared, rather than to inherent differences in the
two modes of observing winter precipitation.

Station 7 (upper left) has deficient pack compared with
station 5, presumably due to the southerly exposure and
early seasonal melting of the snow at station 7. Station
16 (upper center of fig. 7) has less snowpack accumulation
than nearby station 5. This difference might be ascribed
to interception by the high dense trees at station 16.
Station 12 (upper right) and station 14 (lower right) also
have less snow accumulation than station 5. Stations 12
and 14 are windy and have scanty ground cover for hold-
ing windblown snow early in the season. Speculation
among many plausible influences and only a few gages is
easy until one faces such facts as station 12 being exposed
to the north and station 14 to the south, and being similar
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in other important respects. Perhaps compensation
exists in the fact that station 12 is on the lee side and
station 14 is on the windward side with respect to oro-
graphic precipitation. This view is supported by the evi-
dence of figure 6, bottom center, which indicates that
station 14 does in fact receive more precipitation than
station 12. These diagrams, the data in the appendix,
and the more detailed data in the Logs themselves have
been examined at length, and further examination will
be made by investigators in the future. At present there
is no evident, simple, quantitative explanation of just
how the many site characteristics operate jointly to
influence the accumulation of snow.

Figure 8 shows, for each of the five seasons at Central
Sierra Snow Laboratory, scatter diagrams of precipitation
catch vs. April 1 snowpack water equivalent. The
precipitation is for the period from the beginning of snow
cover at station 1, where daily observations are made,
until the end of March. The data in figure 8 are subject
to some error of interpretation. One source of error is
the failure of the beginning date of snow cover at station 1
to properly represent all the stations. Another source
is in the need for interpolating among stations where the
snow surveys were not made at corresponding dates.
Nearly all of the rainfall, which would complicate com-
parison of gage catch because of limited retention of rain
in the snowpack, occurred before the dates of beginning
of the seasonal pack.

In figure 8, the degree of scatter is one of the first things
to notice. The next thing to notice is the change in position
of each station in the pattern from year to year. Some
stations retain their relative position better than others.
The next thing to notice is the bias, which shows an aver-
age excess of snowpack water equivalent of about 15
percent over precipitation catch. This ratio and the
absolute difference change from year to year, but no
assignable causes were discovered for these changes.
The degree of scatter shows that the effects of variation
in local exposure are different for snowpack than for
gage measurements. As the site maps and photos shown
in the Logs indicate, the snow sampling points are usually
clustered around the precipitation gage tower. There is,
of course, considerable scatter not assignable to inherent
differences in these two modes of measurement. A few
individual station positions in the scatter may be noted.
Station 7, as indicated earlier, and station 19 are exposed
to the south and are subject to early seasonal melting.
Stations 2, 12, and 14 are deficient both in precipitation
catch and in water equivalent, particularly in precipitation
catch—possibly because a gage or a tower measurement
suffers more from a windy exposure than does a snowpack
observation, where the wind is weaker being nearer the
ground. Stations 5 and 9 show considerably more water
equivalent than precipitation.

Stations 33 and 34, 1949-50, with 100 percent forest
canopy over both the gage and the nearby snow sampling
points, show slightly more gage catch than snowpack
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accumulation. This difference may be attributed partly
to more intercepted snow falling off the branches of the
trees into the gages than onto the specific points where the
snowpack was sampled. This would be a random error,
with no inherent bias. Possibly there is more evaporation
from the natural snow surface than from the oil-covered
contents of the gage.

Attempts to measure evaporation or condensation, even
on a seasonal basis, by comparing snowpack accumulation
with nearby gage catch involve several complications.
One is the elimination of, or accounting for, snow-melt.
Another complication, evident in figure 8, is the combined
effect of differences in exposure, errors in measurement, and
irregularities in the snowpack. The magnitude of these
influences, indicated by the scatter in figure 8, is several
inches and obviously obscures the net seasonal vapor
exchange at the snow surface—which can hardly exceed
five inches in the area studied.
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The diminished snowpack under trees has often been
ascribed to the evaporation of intercepted snow. It is
hard to see why snow held in the tree canopy should
evaporate much more than snow accumulated on the
ground in open meadows. Possibly the greater snowpack
in the open is partly a result of much of the intercepted
snow eventually blowing out of the trees into the open by
the wind. This snow would be measured by snow courses
in the open, but not by gages mounted on towers, and
might account for some of the excess of average snowpack
water equivalent over gage catch.

Figure 9 shows the relation of precipitation catch to
water equivalent at each station, with each year of record
being shown by a point in the scatter. These diagrams
show the general excess of snowpack over gage catch
referred to earlier in connection with figure 8. Attempts
to generalize on the basis of particular station features
have had limited success. The greatest difference is at
station 12, which has been described earlier. The best
correspondence is at station 16 where a canopy of huge
trees nearly covers both the course and the gage. Water
equivalent was not observed at station 1.

It may be noted, in general, from examination of figures
8, 7, 8, and 9, that there is about the same amount of
scatter in the year-to-year precipitation catch, year-to-year
snowpack accumulation, and snowpack vs precipitation
catch at most of the stations, thus indicating no marked
superiority in any of the methods of estimating seasonal
accumulation of snowfall,

EFFECTS OF WIND

Parts of the foregoing discussion refer to the importance
of wind in affecting gage catch, and the question naturally
arises: how much of the precipitation naturally occurs
during periods of strong wind? Figure 10 shows the rela-
tion of daily precipitation at station 1B to mean daily
wind 50 feet above the ground at station 3 for January,
February, and March 1951. The wind at station 3, while
it is 6,000 feet from station 1, is measured in an open
meadow and is regarded as a better and more independent
indication of daily windiness than the sheltered exposure
at station 1. A low but positive correlation (estimated to
be about 0.6) is evident. In correlating precipitation with
wind it is seen that in spite of a tendency for windiness to
decrease the catch, the natural occurrence of precipitation
is associated with storms that are accompanied by con-
siderable wind. Thus, wind is important in that it is
usually present during significant precipitation.

In spite of examination of many scatter diagrams and
trial of many kinds of measures of site characteristics,
there was negligible success in an effort to relate precipita-
tion catch to objectively determined site parameters.
Elemental parameters that were tried include ratio of
diameter of forest clearing to average height of the trees
surrounding the clearing in which the gage was located,
height of tower above the ground, shape and orientation
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of the clearing, and in the case of more open terrain the
distance, size, and direction of obstructions. Enough site
elements could be devised to provide a unique solution
because of lack of replication, but the essential problem was
not solved.

Figure 11 shows a plot of precipitation catch vs wind,
by stations. The negative effect of windiness on catch
has been noted many times in the literature. A definite
negative correlation is evident among the stations each
year at Central Sierra Snow Laboratory, the example
shown being 1948-49. Ezxcept for stations 1B and 1C,
where the anemometers are only 8 ft. above the ground
or snow, and better sheltered than the precipitation gages,
the anemometers are attached to the precipitation gage
towers only a few feet from the gage orifices. -

It is evident that mean hourly wind speeds of less than
2 to 4 m. p. h. are associated with the stations that have
been shown earlier to have the greatest and most consistent
precipitation catch. No Central Sierra Snow Laboratory
stations other than these shown here have wind. speed
data for relating precipitation catch to wind speed.
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Experience at the Laboratories indicates that well-
sheltered sites are to be desired, and that windiness is a
messure of degree of shelter.

The line in figure 11 was drawn to fit the points, and to
meet the requirements of a definite intercept on the
Y-axis and an asymptote near the X-axis. While there
are too few points in this figure to define conclusively the
effect of wind on catch, it is estimated that the correlation
accounts for more than half the variance in gage catch
among the varying station sites.

CAPPING

Capping is the adherence of snow to a precipitation
gage, with the implication of deficient catch because of
the cap. There are records of huge caps that envelop
and completely obstruct the gage orifice. More fre-
quently, capping only partly obstructs the gage orifice,
having the effect of reducing the orifice area. A cap
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built upwind on the outside of the gage may not obstruct
the opening, but may affect the catch through a change in
the aerodynamic shape of the gage. Capping of un-
attended gages is sometimes evidenced by sharp rises in
the pen trace at the time the cap melts and slides down
into the receiving bucket.

Capping is difficult to evaluate, and the magnitude and
importance of its effects vary greatly according to circum-
stances. Attempts to generalize on the basis of limited
observations have led to controversy. At station 1B at
the Central Sierra Snow Laboratory there were an average
of six instances of capping each year—some observed
and more inferred from examination of the gage charts.
In spite of this incidence of capping it may be noted
that the seasonal catch seems to have been good.

Other Laboratory stations seem to have had about the
same experience as station 1B with regard to capping,
but with a few notable exceptions. One type of exception
was associated with experiments in using timber for gage
towers, Large-size structural members have an excessive
horizontal projection of surface on which snow can
accumulate and build up to effective caps. The other
type of exception might not be regarded as true capping,
but resulted from using towers that were too low, and
there were instances, while getting acquainted with the
weather at the Laboratories, of deep snow completely
covering the tower and gage.

In general, the laboratory experience showed that ex-
treme windiness had more effect on gage catch than did
capping or any other process. It is possible that unat-
tended storage gages have at times had deficient catch
incorrectly attributed to caps that were observed when
the gages were serviced, rather than to the less obvious
but persistent wind—particularly at poorly sheltered
sites.

At a well-sheltered site a cap may build up but wil
eventually contribute to the gage catch as the sharp
orifice rim cuts its way through the settling snow of the
cap—essentially taking a snow core upside down. At
such sites, there is too little wind to blow the cap off the
gage and lose it from the catch. The error from capping
is then one of timing rather than of total catch.

Efforts to treat gages with hydrophobic or anti-icing
materials have had little success. There have been many
experiments with heating the orifices of gages, with some
reports of success, and other reports that the heating
causes evaporation of the incipient cap, with as much
loss as from the effects of the cap itself. There is fairly
general agreement that frequent servicing is very helpful,
Instead of waiting for the cap to cut its way into the
gage, servicing of the gage includes gentle pushing of the
snow cap into the receiving bucket. At the Snow Labora-
tories servicing was at monthly or more frequent intervals.

Present practice with storage gages is to use flexible
shields so that movement of the leaves by the wind shakes
off snow that might otherwise build up into a cap. For
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snow that accumulates at the orifice of the gage instead
of the shield, some melting of the cap is induced by
absorption of solar radiation by black paint used on the
gages. At sites having adequate natural shelter—small
clearings in a forest—shields are unnecessary. Such sites
are relatively shady until late in the spring so that black
paint would have little effect.

GAGE SITE

The conclusion that a small clearing is best for gage
exposure appears to be at variance with the traditional
rule that a gage should be no nearer an obstruction than
two or four times the height of the obstruction. This
old rule evidently applies to single large obstructions,
such as buildings, and not to a symmetrical opening in
a forest or orchard.

It is evident that shielding does little to improve an
inherently poor gage site. It is also evident that variations
in natural winter precipitation over distances of a few
miles and with elevation differences of a few hundred
feet are very small compared with the variation in catch
ascribable to differences in local site. Therefore, subject
to convenient accessibility for observation and servicing,
a gage can sample the storm experience and large-scale
orographic parameters, and still be located anywhere
within a rather large area provided the site is well sheltered.

The choice of gage site might be aided by means of a
small portable anemometer, tying in the short-period
wind data with a central station, just as with altimeter
surveying. A time may come when shields will rarely be
necessary or justified, and, whenever a windy site must
be used, a correction factor in terms of the windiness of
the site can be applied to the precipitation catch, just as
corrections are now made for height of anemometer.

INSTRUMENTAL PRECISION

In discussing the effects of weather and physical ex-
posure on measurement of winter precipitation it is
pertinent to refer briefly to the inherent precision of the
measuring instruments.

The spring scales used for weighing snow cores can
seldom be read with a precision of much better than a
half inch of water equivalent. This is particularly true
of the light cylindrical type of scale in common use
because of its convenient portability. This degree of
precision is consistent with the sampling error of water
equivalent. The dimensions of snow cutters and tubes
commonly used are adequately precise.

The weighing mechanism of most recording precipita-
tion gages is precise to about one hundredth of an inch.
This degree of precision is required for measuring light
rains and is more than adequate for measuring precipita-
tion in the form of snow. The receiving ring of standard
and recorder gages is usually dimensionally exact when
new, but occasional attention may be necessary to keep
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it round. Possible variation in the dimensions of indi-
vidually fabricated conical Sacramento-type storage
rages make it advisable to inspect each gage, and to
calibrate it for corrections to the published tables of
volume vs. depth of catch. The enlarged diameter at
the bottom of the Sacramento gage makes observations
by stick reading subject to considerable error until
sufficient precipitation has raised the depth of liquid in
the gage. Standpipe storage gages have good balance
between inherent quality of the observation and precision
of stick reading for all depths. The standard 8-inch
diameter by 24-inch high gage, with stick and measuring
tube, has more than adequate precision for measuring
snowfall—whether it is caught in the gage or whether
the “can’’ is used for cutting a core of shallow snow.

CONCLUSIONS

Some of the statements appearing in table 2 and the
discussion following it will be identified as originating
with these analyses of the Snow Laboratory data. Other
statements are not supported by analysis appearing in
that report, but represent undocumented laboratory
experience and are included mostly to make the report
fairly comprehensive.

In general, the experience at the Laboratories confirms
much of the present generally accepted opinion on the
subject. Amplification of the general body of knowledge
includes an evaluation of the observational error in gage
catch and water equivalent. Contrary to widely held
opinion, there seems to be convincing evidence that most
of the variation in precipitation and water equivalent may
be attributed to variations in the local exposure of each
observing station, and that the annual pattern of “true
catch’ over rugged areas as large as 10 sq. mi. is relatively
flat. The only weather elements that seriously affect
measurement of winter precipitation are wind, and,
secondarily, elements combining to cause freezing, or—
with snow surveys—also heating. The average observed
water equivalent is apparently very nearly a measure of its
true value. The average observed precipitation for all
the laboratory gages was about 15 percent deficient, due
almost entirely to the effects of wind on the relatively high
gage towers that are necessary in places where deep snow-
packs accumulate. The laboratory gages exposed with
the best shelter, stations 8 and 10 of Central Sierra Snow
Laboratory, for example, appeared to have very nearly 100
percent true catch. Variation due to type of gage is fairly
small, with the important conclusion that the effects due to
differences in gage, including shielding, are much smaller
than the effects of physical features of local station site.

Only a little has been said about frequency of servicing
as an influence on quality of data, and it would be hard to
assign it a measure but it should be emphasized that the
laboratory experience showed definitely that frequency
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and skill of servicing is extremely important—not only
for reducing relatively small so-called random error, but to
reduce loss of record. Nearly all the extraneous influences
on gage catch tend to reduce it, and the generally held
opinion that the most catch is the best catch seems to be
supported, except in the case of obvious blunders in ex-
posing a gage. The laboratory data show rather definitely
that the gages with the poorest catch also are the most
erroneous with respect to having index value.

TaBLE 2.—Effects of principal weather and erposure elemenis on
precipitation and snowpack measurements

Effect on snowpack water

Element Effect on gage catch equivalent
‘Weather:
Wind:
Drifting snow___._ Nil, gage on tower._....... Incﬁegses small-scale varia-
ity.l
Turbulence. ______ Deficient catch . _.______ Increases small-scale varia-
ability.!
Melting:
Solar ... arly spring mellting loss
(Melting is beneficial and || ©nsouthslopes.t.
the melt water is re-
Warm soil _____.. tained in impervious |)y sitielate.fall melting loss.1.9

Warmair....__... gage.] ’ \Early spring melting loss at

Jow elevations.t, 2

Vapor exchange:
Condensation. ... Very slight in gage___._.._ Small gain to pack,1.2
Evaporation.___.. Nil, withoflfilm.______.__. Small loss from pack 1.2
Rainfall ... _.. Normal partofcatch....... Part kn;xay pass through
pack.1.
Freezing:

During deposit.._.| Cappingandlossof catchi_ Makes measurement diffi-
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Small effect on gage_ . ...~
Does not apply to gage....

After deposit__._.. Makes measurement diffi- “Corky" snow with Joss of
eult.l core.!
Exposure of site:
Obstructions:
Interception.._. ... Slightly deficient catch 1.__} Same as for gage.
Sheltering__.__..._ Helps reduce bad wind { Reduces small-scale varia-
effects.! bility.
Retention___._._.. Doesnot apply togage.._. .. Excess pack due to snow-
fence effect.!
Soil surface:
Roughness.__...___ Doesnot apply togage._._. . Increases small-scale varia-

bility.1
Small effect on pack.!
Loss of melt water or rain3

i Ttem is important and is discussed in text.

3 Item raises question of purpose of measurement: Would be detrimental to the
measurement ag an index of seasonal precipitation but inherent and necessary
measurement of snowpack as such where the interest is essentially in the residusl pack
regardless of its history.

Discussion of important effects of weather and exposure
on gage catch:

Wind turbulence.—May cause loss of more than 50 per-
cent, even on a seasonal basis; shielding may help as much
as 20 percent, but best solution is better choice of natural
site so as to take advantage of sheltering effect of sur-
rounding trees, etc., and reduce the mean wind speed to
less than about 2 m. p. h. at the gage orifice.

Capping.—Serious in some instances; frequent servicing
helpful, also nature of gage: black paint, good shape, etc.;
experiments with hydrophobic coating, heating, and vi-
bration have been unsuccessful to date. Frequency of
occurrence is difficult to estimate. Many small caps melt
their way into the gage and do not affect the total catch
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of a well-sheltered gage, but adversely affect the timing
with recording gages.

Freezing after deposit.—Makes stick measurement diffi-
cult but is not serious if the gage has ample capacity.
Antifreeze helpful; occasional servicing reduces stratifi-
cation,

Interception.—Reduces seasonal catch at most about 15
percent in the environment studied.

Sheltering.—While large single obstructions are hafmful
and express wind direction as well as precipitation in
nearby gage catch, a gage, exposed in a symmetrical forest
or orchard clearing having a diameter about equal to the
height of the trees, will gain more from the reduction of
wind effect than it will lose from interception.

Drifting snow.—The effects of drifting and drifted snow,
and of wind turbulence, may all be grouped under one
heading. The net effect is less near the ground than at
the usual height of a gage on a tower. The effect is
minimized by using a large number of points per course;
no bias seems evident.

Solar melting.—On south slopes, melting may occur so
early in the season that such a course would not be repre-
sentative for estimating water supply.

Warm soil—The loss from a snowpack due to warm
soil is usually very small, and would not be a serious
deficiency with respect to water-supply forecasting except
in instances of intermittent snow cover for much of a
normally long snow-cover season.

Warm air—At low elevations early season melting may
reduce the snowpack water equivalent to a degree making
it nonrepresentative for water-supply considerations. As
a measure of existing snowpack, for considering its effect
on runoff from rain in flood forecasting, low-elevation
snow data is very helpful.

Condensation and evaporation.—These elements often
balance and probably seldom exceed five inches water
equivalent loss or gain for a season.

Rainfall—The capacity of a snowpack for storing rain
or even melt-water is usually less than 5 percent of the
water equivalent of the snowpack.

Corky snow.—As with capping of a gage, the cause is
the sticking of snow to the measuring instrument because
of freezing of water in the snow. Skill in making the
measurement is helpful, but there are times when wet
snow in the pack is chilled and plugs the tube so that s
satisfactory core is impossible, It is difficult to estimate
the frequency of occurrence of serious trouble from corky
snow. Some regions rarely have it.

Retention by obstruction.—At some sites low brush and
weeds may produce a snow-fence effect wherein excessive
and nonrepresentative pack may accumulate early in the
season until the brush is enveloped. This effect is seldom
serious, but can be controlled as can the effects of rough
ground and rocks by proper preparation or selection of
the site.

Soil surface roughness—Similar to the above discussion
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of obstruction. Even a smooth-looking ground surface
may have a standard deviation of elevation of two or
three inches within a few feet of a snow stake. The
deposited snow tends to have a more streamlined shape
than the ground surface so that the thickness of the snow-
pack may have considerable variation over very small
distances. While several points are necessary for good
sampling of a snow course, the points do not need to be
as far apart as has been the practice.

Soil slope.—Ponded water makes it important to avoid
marshy areas and drainageways. Steep slopes are to be
avoided, also places where there is a sharp change in
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slope, because of irregularity in the downhill movement
of the snowpack and because of damage to, or loss of,
the snow stakes affected by the mass movement of the
snow.
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APPENDIX

The tables and maps on the next four pages presenting
general characteristics and locations of the stations at
the Central Sierra and Upper Columbia Snow Laboratories
were taken from the Hydrometeorological Logs of the
Cooperative Snow Investigations. The background,
organization, and objectives of the investigation, with
brief descriptions of each of the field laboratories and
tables showing the instrumentation and observational
program, have been given in Technical Report 64 of the
Cooperative Snow Investigations.

A Hydrometeorological Log has been published for each
water year (begins October 1) of record for each of the
laboratories, Each log has a brief text, a topographic
map of the laboratory area, a bar chart showing the
availability and status of observational data, a summary of
the stations and types of data for each water year, a
graphic synopsis of daily values of selected representative
elements, and an average of 200 pages of numerical data.
Some of the logs present special summaries and tentative
results of the revisions. The logs of 1950-51 for the
Central Sierra Laboratory and of 1948-49 for the Upper
Columbia Laboratory contain detailed station site maps
and pertinent photographs. In all, about 2 million

observations are tabulated in the logs. A few additional
tabulations and all the original field notes and recorder
charts are on file. Considerable selected data are on
punch cards. Questions about quality, circumstances,
and selection of data; about availability of unpublished
data; or about reports other than the logs, may be referred
to the Division Engineer, South Pacific Division, Corps
of Engineers, U. S. Army, San Franeisco, Calif., or to the
Chief, Hydrologic Services Division, U. S. Weather
Bureau, Washington, D. C.

While this report is a description of some of the effects
of winter weather and exposure on the performance of
precipitation gages, it may be of interest to note the other
elements that have been measured and are recorded in
the logs: incident and reflected solar radiation ; air tempera-
ture and humidity at many stations and at various heights
above the ground or snow surface; snowfall, snow depth,
water equivalent, density, and other snow properties at
many stations; stream flow and ground water stage;
snow, soil, and water temperatures; wind speed and
direction; soil moisture; barometric pressure; and weather
(cloudiness, ete.).
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SUMMARY OF STATION SITE CHARACTERISTICS
CENTRAL SIERRA SNOW LABORATORY
1 2 3 4 5 6 7
Station |gleva- | Slope | Aspect Exposure Sector Shelter Sector
Number tion % “Az Azimuth |Domisant | Size |Lowest | Size [HighestiCanopy VEGETATION AND REMARKS
Fagt Limit Direction{ °"Arc [Point °Are Point |Cover %
g.b. | 6895 10 270 15 (7) Open area approximately 150' diameter.
(Hfll yjebe 1 €885 15 250 170-270 sw 100 120 260 | 585 25 | (7) Open area approximately 50’ diameter.
10 | (5) Ou North side of open area approximately 100°' diameter.
py. | 6889 1o 210 _Iu area_of exposed bedrock
2 7525 10 310 220-20 NW 160 525 200 | 145 10 | (3) Partially withio small open grove, Soue poimts shaded
by trees. Near 1op Of ridge.
N Refers only to Met. Sta.
3 7170 <5 200 220-250 sw 30 100 330 430 <5 (1) Io North part of grassy meadow, 7. 0 Polirse,
4 7245 5 330 50-100 ] 100 75 260 | 308 10 | (3) Among scattered trees and small opem groves. Some points
230-280 shaded, Irregular surface of bedrock and boulders,
H g. 7370 £ 170 130-160 SE 30 120 330 530 s (4) Willow thickets near all points, covered by sSnow in
Bc. 1375 winter. Small trees near points 1 and 2,
) ;ggg 25 200 90-290 s 200 460 160 | 310 10 (3) Part of course among bedrock outcrops aad small boulders.
7 g. 7170
kc. 7155 | 20 180 70-240 s 170 310 190 | 405 25 | (8) Many boulders and outcrops of bedrock pear points.
- 7225
points
A-E
and | 7740 5 130
sage
g (points 7760
F-1}-7810 a0 190 100-170 SE 70 440 200 | 475 <5 |(3) F, G, H oo rocky slope,
poiuts e 20 © Bedrock outcrops mear K and L.
g. 7510 ] K5 190 160-230 s 70 335 200 | 490 ¢5 | (1) Point & near willow thickets.
9
bc. 7505
10 g, 7570 g. (7)
kc. 7565 | 15 200 140-210 s 70 215 200 { 810 5 {sc.(5) Snow course at base of 30% slope,
11 "7250 25 200 ‘| 100-130 swW 110 215 250 | 375 5 |(T) 1a open area approximately 150° in diameter, open
180-260 toward SE.
12 k. 7550 | 15 330 25080 N 190 400 170 | 155 (5 |(3) Far from forest. Scattered trees and small opeo groves.
kc. 7555 On spur 150° lower thao main ridge,
13 g. 7035 {g. <5 lg. 260 | 180-250 s¥ 70 165 290 | 440 (5 |&. (6) Gage in willow thicket mear Castle Creek.
ke, 7040 [sc, 5 [sc. 130 sc.(7) Part of snow course among granite boulders.
14 7480 20 220 90-280 s 190 255 170 | 495 ¢35 | (3) Among low shrubs znd outcrops of bedrock.
15 $260 35 200 120-300 SW 180 770 180 | 840 © {(1) On crest of barren rocky spur.
18 B. 7510 30 70 80-140 E 0 210 300 705 40 {(9) 1n old growth fir.
pc. 7505 .
17 . 7745 | 15 110 80-170 sg 90 345 270 | a70 <5 | (1) 0n small bench of approximately 10% slope.
sc. 7740 Slope below site 15-20%.
18 7850 20 190 130-220 s 90 375 270 | 1250 15 | (7) Points A, B, H, G shaded by trees.
19 7340 10 160 70-230 s 160 365 200 | 480 25 | (7) la small opea area. All points shaded by trees,
Snow course among Outcrops of bedrock.
20 7325 20 350 280-40 N 120 250 240 | 375 10 | (7) Points C and D shaded by trees.
21 7780 15 220 170-280 s 110 355 250 (1020 15 | (D
22 7395 15 60 90-130 E 40 220 320 | 405 5 | (7) Points E and F shaded; F under forest cznopy.
25 7300 5 130 ° SE ) ) 360 | 340 10 | (9) Shelter cabin.
26 7310 <5 130 110-150 SE 40 100 320 | 360 10 | (1) Station in lower ‘end of meadow, frequently marshy.
27 8245 50 200 130-280 s 150 720 210 | 860 0 | (1) Rocky slope. No trees within 1,000,
28 6910 10 150 150-270 S¥ 120 140 240 | 490 20 | (8) Amoang boulders and bedrock outcrops.
29 7525 5 170 120-210 E 90 300 270 | 575 5 (7)
30 7350 20 340 0-60 N 150 380 210 | 320 1 {®
250-340 R
31 7190 10 320 240-270 [ 30 100 330 | 510 10 |
32 8000 50 170 130-200 s 70 480 290 [1100 10 TT) Rocky Slope. omall grove of tall trees 25' portheast of
gage, MNearest tree about 25' from gage
33 7415+ 20 240 140-170 SE 20 170 330 | 560 20 | (9) Closed canopy fir forest.
34 7040+ 5 230 190-250 ¥ 60 290 300 | 410 20 | (9) Closed cacopy lodgepole pise forest.
LEGEND AND DEFINITIONS
Column Column 7
2-4 ::i::ix:;a means for isstallation area, except in cases of marked Canopy cover: Tree camopy cover within a eircle of approximately
. 400" diameter, approximately centered in the insta}lation area.
2 Flevation ip feet above m.s.l. g = ground elevation at precipitation To pearest 5%. From aerial photos.
gage. sc = mean elevation of points in soow course, To nearest 5'. The following vegetation characteristics refer to an area withia
3 Slope: Dip of surface over horizontal interval of 200, To pearest 5%. 100° of the points of the installation.
(1) Away) from forest marginm; ground clear.
Slope = e T % 100 (2) Awayl from forest margln; thickets.
. - o N (3) Away! from forest margin; scattered trees.
4 ?i%i“i;ua°§$5‘ln°.“°“ of slope to mearest 107 Az, Az * clockuiss cgle (4) away! from forest margin; thickets and scattered trees.
(5) Near? forest margin; ground clear,
5 Exposure sector: That sector of a circle of 1/2 mile radtus, ceatered in 2 :
the installation area, within which there is no land higher than the (6) Near® forest margin; thickets,
station. Azimuth limits of sector to nearest 10°. Dominant direction of (7) Near? forest margin; scattered trees.
exposure to earest of B compass points, Amgular s17é of sector 1 8) Near? 4
degrees. Lowest point = elevation difference betwees station (at gage) (8) Near® forest margio; thickets and scattered trees,
and lowest point IE Gxposure sector, to mearest 25°. (9) Withio forest.
6 Shelter sector: That sector of a circle of 1/2 mile radius, centered in 1. " N ¢ - v n
the installation area, within which there is land higher than the station, brid Speho Pk dense forest >100° rom most or
Sizo = 360° - size of exposure sector, Highest point = elevation dif- °
Terance between station (at gage) and higheSt point In shelter sector, to . Yorest margin €100° from most points,
nearest 25°.
Oper area: Non-forested area,
B 1 Precipitation gage. g.b. : Battery of precipitation gages. N
s¢ & Snow course. sh. : lostrument shelter, mast and snow Shaded by Ly aretn 3t shadow over sampling point at times
. i Estimated, stake. uring middle part of day,
. 1te.
py @ Pyrheliometer and Lysimeter site NOTE: Not all stations listed above were active during the
1051-52 water year. See "Status of Laboratory Qbserva-
Revised 9-5-52 tioms" for curreat year.
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CENTRAL SIERRA SNOW LABORATORY
SHOWING L.OCATION OF HEADQUARTERS
LOCATION OF STATIONS FROM JAN.1946 TO JAN. 1952 AND FIELD STATIONS

COOPERATIVE SNOW INVESTIGATIONS
JANUARY 2 1952
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SUMMARY OF STATION SITE CHARACTERISTICS
UPPER COLUMBIA SNOW LABORATORY

1 2 3 4 -] 6 T
Station [Eleva- | Flope |Aspect gxposure Sector Sholter Sector
Wumber | tion % *Az Azimuth Size Lowest] Size |Highest VEGETATION AND REMARKS
Feet Limits CArc Point ~Arc | Point
A 4960 25 230-350 | 20-40 80 Y 200 300 600 | (5) O crest of west siopiog ridge. Anemometer above tops of aujatent
240-280 trees, except to the east.

1|8 4330 ] (270) 240-270 30 - 100 330 725 | (2) Wost poiate <25° (rom forest margia.

c 4845 5 (270) 240-270 30 v 100 330 725 | (2) All points ¢25' [rom forest margin, Poiants 1, 3 subject to
shading. Poiats <10° above S$kyland Creek. Near foot of 25 siope.

A - By 4845 <s (230) 240-270 30 ] 100 330 725 | (5) Beneath canopy of young pine forest.

2 4825 5 {150) 240-270 30 [ ] 125 330 875 (2) Most poiuts ¢25' from trees. Poiota 1-4, 9 subject to shading.
All potats <3° above Bear Creek. Poiats 7-11 subject to flooding.
Subject to road oust cootamination.

3 5225 - - 100-170 | 200 L ars 160 675 | (6}

250-20
5360 10 340 200-120 | 280 NE 150 80 400 | (2) All points (25' (rom forest margin.

.3 1T - - 120-10 230 k13 875 110 375 (3) Most points ¢{25' from forest margia, Polats 1-3 subject to
shading. Clearirg partly occupied by pond ta Spring.

a 8340 30 210 140-40 260 s 850 100 250 1 (3) Points 2, 3, 4 {25°' from forest margin and subject to shading.

P 315 1 220 140-30 250 ¥ 625 10 275 | (1) AlL points (25° from forest margla. Polats 2, 3, 5, 6 subject to
shadiq

[ 8320 30 160 130-290 | 200 £ 825 160 275 | (3) Potats 1-4, 7 ¢25° ‘rom forest margim. Poiuts 1, 2, 3 subject to
350-30 shading.

8 7158 20-35 260 110-31¢ 200 sv 850 160 400 | (3) A1l points {25' from forest margia, Points 1, 6 subject to
shading. Near base of 50% slope.

] 7050 20 229 130-10 240 sv 850 120 500 | (2) Tower centered io 30’ diameter clearing.

10 8340 35 250 259-310 50 L] 50 300 BOD | (3) peints 1, 4 25* from forest margin. Polats 4-8 subject to
shading, 50-60% slope above ipstallation.

1 5780 20 230 180-300 10 L] 373 220 678 | (4) poiat 2. {25' from forest margin and subject to shadiag. ARl
poxnts {10’ from alder thickets,

12 3300 1% o 110-309 190 L] 225 110 750 (%) All points {28' from forcst margin, Roints 2, 3 subject to
shading, Tree tops 40’ + above swemomcter. Some small trees,
windfafis, aldecs ie clearing

13 3300 25-5% | 1¥0-240 100-180 240 L] 400 120 650 {(3) Point 8 {25°' from forest margia and gubject to shading. Points 1,

210-10 2. 10, 11 on steeper S lopes.

N 5150 10 (310) |- -GROUND WATER =~ on~-=|==-~](7) 08 flood plata. <5° avove ¥. Skyland Creek. Standiog water nearbw|
Brushy, Near base of short 45% slope.

is 5250 <5 (2403 140-10 230 \J 425 130 €50 (3) All poiots {25' from forest margin, Poiats 2, 3, 4 sub ject to
shading, In poorly dratood shallow depression.

18 5150 (gL {60} Pp1o-to 310 10 - 50 350 800 (1) All points (6’ above W. Skylaod Creek. Near base of 40% slope.

17 5500 5 30) 340-20 40 N 150 320 950 (7} All points {2’ above ¥W. Skylaad Creck. Thickets aand windfalls,
Near base of 60% slope.

18 5860 15 60 140-10 230 8, W 400 130 350 (3) poinots 3, 4, 5 <25' from forest margin and subject to shading.
Thickets, windfalls. scattered small treos.

lats 4- 25" of O N Ttored

19 5900 10 120 12¢-30 270 5, W 450 90 400 [$Y) ::e:: 4-7 within 25' of low trees. Scattored windfalls is site

20 5050 |S EE 2304300 240 ¥ 525 120 725 (3) ALl points €25° from forest margin, Poiats 2, 3 subject to
230-140 shadisg, Tree tops 20° + above anemometer, On top small spur.

REMNARKS Slopes to 50% om periphery. steepest to NE.

11 6000 20 40 230-260 | 280 " ¥ 600 80 350 | {2y A1l points (25* from forest margio. Poiats 3, 3 subject 0
2002290 shading, AUk siopes below station,

T—

22 6050 25 40-100 | 330-290 320 L] 550 40 7 250 {2 Aéldﬁnnts {25°* from forest margia, Poists, 1, 6, 7 subject to
shading.

23 5170 20 90 320-13¢ 210 L1 725 150 450 (1) Pointz 3, 4 {(25°' from trees and subject to shading. Alder thickets

220-260 in statiom area., 40% slopes above statiom.

24 $280 20 150 2704130 220 NE 475 140 875 (3) Points 2, 3.{25' from forest sargin and subject to shading.
Anemometer near level of adjaceat trea tops.

75 3290 ) 360 270-130 | 220 ¥E 473 ET5— 1 {37 Polnta 5, 4, 5.6 <28' from forest margin and subject tv anading.

Remarks on surface, of approximately 10% slope, above drainage-way with
side of 60% slove

26 5298 S 20 70-180 210 Nw 275 150 800 (6)

230-33¢

26A 5300 {Aprx. $ - «-GROUND WATER == -==w=t=-=-(8)

27 $010 20 130 150-180 30 3 178 330 1100 (1) Point 3 {25' from group of trees, No points subject to shiading,

. 80 to 70% slopes on valley sides above statios. FPolnts approxi-
mately 10' above Autuma Creek.

28 $350 - - 170-210 40 s, K | 200 320 1300 14V

3 360 sW, NE | 925 0 o (1) On top rounded grassy hill; highast elevation in Blacktail Hills.
b4 07 SEE REMARKS 20 limits Q2108 Founded £100%0 My Tae iU+ high steepest slopes (approxi-
mately 40%) to south
5430 10 260 220-360 140 - azs 220 575 (3) All points {25' from forest margin. Points 4, 5, & subject to
shading, In shallow vale. Some ponding Of water at times.

32 6625 10 130-210 | 130-250 120 | 8 825 240 1325 | (1) A11 poiats 25' from groups of trees. Steeper slopes (up te 40%)
above and below station aArea.

33 5355 s 140 40-220 | 230 NE 100 130 400 | (2) ALl points ¢25' from forest margin and subject to shading. Poiats
6. 10 within forest, Bear grass humeocks abundaat.

4830 23 270 0-30 130 3w 175 230 675 (3
160-280
5230 3] (110) 180-60 240 s, NE 25 120 275 | (2) Soow stake in small clearing, subject to shading.

37 5250 (£3) (128) 100-80 340 S, KE 50 20 150 1 (5

as - 4840 (5) 320y |- -GBROUND MATER- -« - =-=-=}t=---](5) Near foot of 23% slope. <5’ avdove Skyland Creek.

384 4840 <5 (220) |- -GROUND WATER - - -- -=--}=---4(2) €5* above Skyland Creek,

39 4925 <] 380 260-300 60 w 200 300 825 [&H

3050
4 | 49325 <5 {360) 280-300 80 w 200 300 825 (3]
30-50

Klevation: Foet above meaa sea level,

€xposure Sector: That sector of a circle of approximately 1/2 mile radius,

1 centered 10 the station area, within which there is uo land d100°
higher thao the station, Azimuth Limits « limits of sector, to neareat
10° Az, B8ize = angular #izé Of Sector, Dominaat Direction « direction
of most pronounced exposure, 10 nearest o B conpass poluts, Lowest
Point = difference in elevation between station and lowest poiZt id
XpoBure sector, to aearest 25°.

Shelter Sector: The remsining sector of the circle, within which there is

$100‘ higher thap the station, Size'= 360° - exposure gectar.

l%hﬁt Point = difference in elevation betwoea Station and highest
olnt 15 shelter sector, to msarest 25¢,

Slope: Mean slope of gradient line through a station point from 5' higher to
§' lower than point, Mean for all points of 1astallation except where
wvariatios given, to nearest 5%.

. Yertical interval
8lope * perrzoatal Tatervar * 100

Aspect: Direction of slope at statioa points. Wean ‘of all points except where
variation given, to mearest 10°Az. Azimuth = clockwise aogle from true N.

{ )i Slope or aspect unsatisfactorily deteralded because of low gradizais or
local undulations of surfsce.

LEGEND AND: DEFINITIONS

vegetiation and Rewarks

1y 1e of scattered trees and small groves,

(2) 1n clearing or near margia of forest of low { (30') trees.

(3) In clearing or near margin of forest of medium (30-50') trees,

(4) 1o clearing or near margin of forest of tall ( >50°) trees.

(3) Within forest or in relatively narrow ( (13') passageway ia forest
of low trees.

(8) - within forest or ia relatively asrrow { <25') passageway in forest
of medium trees.

(7) within forest or im relatively marrow ( <30°) passageway in forest
vf tall trees.

Polnta: Snow sampling points.

Subject to shading. Subject to tree shading at times during middle part
=T day. TAIl points in (5), (6), (7) withtu 25° of forest margin
and subject to shadiag).

Ground cover in station area mostly grasses aed low shrubs except where
—woted

Forest + extensive area of moderate to high canopy cover ( >30%) .
“~~Tonifers,

#5tation A - H is the site of measuresmeats of iac ident radiatiocs under a
forest cavopy.

JoLy 1954
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